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BACKGROUND OF THE INVENTION 

This patent application is a continuation-in-part of pending application Serial No. 09/144,9 14 
filed September 1, 1998, which is incorporated by reference in its entirety. This patent application 
also claims the priority of U.S. Provisional Application No. 60/1 19,727, filed February 12, 1999. 

1. Field of the Invention 

The invention relates to a method for identifying substances that are capable of acting as 
anesthetics. 

2. Background of the Related Art 

Volatile anesthetics are a remarkable class of agents producing a safe, reversible state of 
unconsciousness with concurrent amnesia and analgesia. They have hyperpolarizing action on 
mammalian neurons. They activate an inhibitory synaptic K"^ current (iK(An)) molluscan pace- 



maker neurons which has been proposed to have an important role in general anaesthesia. 



Volatile anesthetics hyperpolarize frog motor neurons, rat hippocampal neurons, guinea pig 
thalmic neurons and human cerebral cortex neurons. Therefore, it has been proposed that the 
molecular mechanism of volatile anesthetics involvesan^actiorton a specific class of K+ channels. 
The fact that a particul^^iib itory synaptic K+ current, I^^ Anj^^^^^sibly activated by volatile agents 
is present in anesthetic-sensitive molluscan pacemaker neurons, but absent in insensitive neurons 
has made it a very attractive candidate as a target for these important pharmacological agents. iK(An) 



behaves as a background channel; it is not voltage-gated, it activates^immediately, and it does not 



inactivate with time. iK(An) obeys the Goldman-Hodgl^^^ is resistant 

^^the ckssical K+ channeLblockers^traeth^^lam m and 4-aminopyridine 

We recently identified a novel family of mammalian K+ channels with a unique structural 




motif consisting of two pore domains in tandem and four transmembrane segments. The four 



members in this family have been classified as TWIK-1, TASK, TREK-1, and TRAAK, which are 



shown in Fig. lA. TWIK-1 has been previously shown to dimerize, implying that a functional 
channel is formed by at least two subunits. Heteromultimerization does not occur between the four 
niembers of this novel family as tested in Sf9 ce lls^ expressing various combinations of these 
channels (unpublished data). ThreejnemberA£f-t_W TREK-1, mouse TRAAK, and 




human TASK, encode for background outward-going K+ rectifiers wim properties resembling those 



oflK(An)* TRAAK and'TREK- j_are direcdy^opened by arachidonic acid and other polyunsaturated 



T 



fatty acids, while TA SK eiKpdesaresting K+ channel which is contro lled by external p H vari ations 



near physiological pHT^TREK-l and TASK are expressed in many tissues and are particularly 



abundant in the brain and in thevheart, wherea^^^^^^^selectively expressed in the central 
nervous system. Neuronal expres^ioI^o^f^ese channels is detected at high levels in the cortex, 
cerebellum, hippocampus and olfactory bulb,^and cardiac expression is detected in both the 
myocardium and connective tissues. 




BRIEF DESCRIPTION OF THE FIGURES 
Fig. 1 shows the results of experiments with chloroform demonstrating that chloroform 
selectively activates TREK-1: A, a schematic showing the two pore domains and four 
transmembrane domains of the 2P domain potassium K+ channels, TREK-1 TRAAK, TWIK-1 and 
TASK. The four transmembrane domain segments are indicated by TM 1 through TM4, and the two 
pore regions are indicated by PI and P2. The phylogenetic tree indicates the three subfamilies. 
TWIK- 1 is an inward rectifier K+ channel and TASK is a background rectifier K+ channel inhibited 



by external acidosis. Both TREK-1 and TRAAK are background outward rectifier K+ channels 



opened by arachidonic acid; B, whole cell patch clamp experiments showing that 0.8 mM 



chloroformstrongly and reversibly activates TREK-1 expressed in transfected COS cells. The mock 
condition is the wild-type (empty) expression vector. The effects of chloroform were investigated 
on K+ currents elicited in the whole cell configuration during a voltage ramp of one second in 
duration from a holding potential of -80 mV as illustrated in the inset for TREK-1; C, 0.8 mM 
chloroform induced a typical background current characterized by an outward-going rectification 
which reverses at the predicted value for Ek+; Chloroform activated TREK-1 currents in 
physiological and symmetrical K-t- gradients were examined. Voltage ramps of one second in 
duration from a holding potential of -80 mV in both K+ conditions and in the presence of 0.8 mM 
chloroform were digitally subtracted from ramps in control conditions; D, 0.8 mM chloroform 
reversibly and reproducibly hyperpolarized COS cells expressing TREK-1 ; E, dose-dependence of 
TREK-1 activation. The inset illustrates the effect of 0.8 mM chloroform on TREK-1 current 
measured at a holding potential of 0 mV. The number of cells in each experimental condition is 
indicated. 

Fig. 2 Halothane is a common activator of TREK-1 and TASK. A, comparative effects of 
1 mM halothane on the 2P domain K-t- channel activities. The mock condition is the wild-type 
(empty) expression vector; B, halothane (1 mM) stimulates TASK channel activity elicited in the 
whole cell configuration during voltage ramps of one second in duration from a holding potential 
of -80 mV; C, halothane (1 mM)-activated TASK currents in physiological and symmetrical K+ 
gradients. Voltage ramps of one second in duration from a holding potential of -80 mV in both K+ 
conditions and in the presence of 1 mM halothane are digitally subtracted from ramps in control 




conditions; D, dose-effect curve of halothane on TREK-1 channel activation; F, halothane (1 mM) 
reversibly activates TASK at a holding potential of 0 mV. The number of cells in each experimental 
condition is indicated. 



Fig./3 Isofluran6\and diethyl ether differentially activate TREK-1 and TASK. A, 



comparative effects of 2 mM isoflurane (A) and 0.6 mM diethyl ether (B) on the 2P domain K+ 
channels. The mock condition is the wild-type (empty) expression vector. The effects of the 
anesthetics are investigated on K+ currents elicited in whole cell configuration during voltage ramps 
of one second in duration from a holding potential of -80 mV as illustrated in insets for TREK-1. 
The number of cells in each experimental condition is indicated. 

Fig. 4 Volatile anesthetics stimulate TREK- 1 and TASK in the excised patch configurations. 
A, effects of increasing concentrations of halothane on TREK-1 channel activity in an outside-out 
patch. In an outside-out patch, halothane reversibly opens a 48 pS TREK-1 channel in a dose- 
dependent fashion. The holding potential is 0 mV and applications of halothane are indicated by 
horizontal bars; B, effect of 0.8 mM chloroform on the I-V curve of TREK-1 in an outside-out patch. 
The I-V curve is performed with a voltage ramp of one second in duration from a holding potential 
of -80 mV; C, kinetics of activation of TREK-1 by 0.8 mM chloroform. The I-V curve of the 
chloroform-sensitive current in an outside-out patch shows the characteristic outward-going 
rectification; D, halothane (1 mM) induces TASK channel opening in an inside-out patch. The 
holding potential is 0 mV and channel activities before, during, and after addition of 1 mM halothane 
are illustrated from left to right. Halothane reversibly opens a 12 pS TASK channel. 

Fig. 5 Functional characterization of the human TREK-1 (hTREK-1). Transiently 
transfected COS cells expressing hTREK-1 are voltage-clamped using the whole cell patch clamp 




configuration. A, The basal TREK-1 current is recorded in physiological K conditions (5 mM) and 
in symmetrical K conditions (155 mM). The cells are held at -80 mV and voltage ramps of 800 ms 
in duration are applied from -130 mV to 100 mV. B, hTREK-1 is stimulated by the addition of 10 
[iM arachidonic acid in the bath. Same protocol as in A. C, hTREK-1 is opened by increasing 
concentrations of halothane (as indicated). D, In the inside-out patch configuration hTREK-1 is 
opened by a membrane stretch of -66 mmHg. The patch is voltage clamped at 0 mV. 



The invention relates to human TREK-1, its nucleotide and amino acid sequence. The 
invention further relates to murine TREK-1, its nucleotide and amino acid sequence. 

Thus, the invention relates to a method for the identification of substances that activate 
potassium transport through a potassium transport protein, including TREK-1 and TASK. The 
potassium transport proteins activated in the method exhibit outward-going rectification. 
Specifically, Jhemethodjnvolves contacting a substance to be tested with a mammalian transport 



protein and examining the potassium transport activity of the potassium transport proteins. A 



The invention is an isolated nucleic acid molecule encoding the human TREK-1 channel 
(SEQ ID NO: 1). The invention is also embodied in the isolated human TREK-1 protein (SEQ ID 
N0:2). The nucleic acid and deduced amino acid sequence is shown in SEQ ID N0:1. 

The invention also encompasses the isolated nucleic acid molecule encoding the murine 
TREK-1 channel (SEQ ID N0:3). The isolated protein, murine TREK-1 (SEQ ID N0:4), is also 



SUMMARY OF THE INVENTION 




DETAILED DESCRIPTION OF THE INVENTION 



encompassed by the invention. 

The method involves contacting a test substance with a potassium transport protein in vitro 
and determining whether there has been activation of potassium transport. 

As used in the method, cells which express a potassium transport protein are used in the 
presence of the test substance. The test substance is a substance which will have certain properties 
when used in a mammal as a volatile inhalant. These properties may include the induction of a safe, 
reversible state of unconsciousness, amnesia and analgesia. 

The cells expressing the potassium transport protein may transiently express the protein or 
constitutively express the protein. Tha cells may be of any type which can express the jg^otein in 
appropriate conformation to allow for the transport of potassium. Examples of such cells include, 
mammalian cells, vertebrate cells, and invftrtebrate cells. Examples of mammalian cells suitable for 
use in the invention include, but are not limited to, cells of neuronal origin, fibroblasts, myocardial 
cells, COS cells, Chinese hamster ovary (CMO) cells, embryonic kidney cells, fibroblasts, HELA 
cells, and the like. Examples of suitable non-manunalian vertebrate cells include, but are not limited 
to frog oocytes, such as Xenopus laevis oocytesland the like. Suitable invertebrate cells include, but 
are not limited to insect cells, such as Spodopikra frugiperda (Sf9) cells, and the like. Any cell 
known in the art which may be transfected to transiently or constitutively express the transport 
protein are suitable for use in the present inventioij. 

The potassium transport proteins which are suitable for use in the invention include TREK- 1 
(SEQ ID N0:2 and SEQ ID N0:4) and TASK (SEQ ID N0:5), which may be derived from any 
mammalian source, such as rat, mouse, or human. The molecular sequence of TREK- 1 may be the 
human TREK- 1 as shown in SEQ ID N0:2, or an amino acid sequence that is substantially identical 



to SEQ ID N0:2. By "substantially identical" it is understood that amino acid substitutions may be 
made such that the overall conformation of the potassium transport protein is not significantly 
altered: the protein remains active as a potassium transport protein. 

A suitable substantially identical protein is a protein having an amino acid sequence that is 
generally at least 90% identical to the amino acid sequence of human TREK-1 (SEQ ID N0:2). 
More preferably, the protein is at least 95% identical to SEQ ID N0:2. Most preferably, the amino 
acid sequence is at least 99% identical to SEQ ID N0:1. 

The cells used in the method of the present invention express the potassium transport protein 
expressed on their surface, either constitutively or transiently. Introduction of the nucleic acid into 
the cells so that the protein is expressed may be by any known method such as transfection of an 
appropriate nucleic acid construct into the cells, microinjection of RNA encoding the protein, and 
the like. Many different protocols are known in the art. Two methods are briefly described herein, 
however, it will be appreciated by one of ordinary skill in the art that many modifications and 
substitutions may be made to these methods without departing from the spirit and the scope of the 
invention. 

The coding sequence of the potassium transport protein may be inserted between the 
noncoding sequences 5' and 3* of diXenohus laevis protein (such as globin) in an appropriate vector, 
such as pEXO. The construct is introduced into an appropriate cell type to replicate the vector and/or 
to transcribe RNA. Alternatively, the vector may be used as a template for in vitro transcription. A 
complementary RNA (cRNA) is transcribed and injected into a cell, such as aXenopus oocyte. Such 
a procedure may be performed in a 0.3 ml pemision chamber, wherein single oocytes are impaled 
on two standard glass microelectrodes (0.5-2.0wIW) charged with 3 M KCl and maintained under 



voltage clamp with a Dagan TEV200 amplifier, The bath solution contains 98 mM KC1,1.8 mM 
CaClj, 2 mM MgCl2, and 5 mM^HEPES at pH 7.4 with KOH. 

Alternatively, fuipctional expression of the potassium channel may be accomplished by 
transfection of insect cells! such as Spodoptera frugiperda (Sf9) cells. Briefly a suitable vector, such 
as pVL1392 may be used! and the coding sequence for the potassium transport protein may be 
inserted into the vector inlframe so that expression of the potassium transport protein may be 
expressed. The coding sequence for the potassium transport protein may be obtained by any 
convenient method, such as py PGR or by digesting a plasmid containing the potassium transport 
protein coding sequence with appropriate restriction endonuclease(s) for subsequent ligation into the 
pVL1392 vector. Similarly, me amplified product of the PGR may be digested with restriction 
enzymes and ligated into the\ vector. Transfection of SF9 cells may be performed by the 
manufacturer's protocol (Pharmingen). 

Alternatively, functional expression of the potassium channel may be by transient 
transfection of cells such as GOS cells whereby GOS cells are seeded at a density of 20,000 cells per 
35 mm dish. Gells are transfected with expression vector, such as the pIRES-CD8 vector, 
comprising the nucleic acid molecules encoding the desired potassium channel protein. The cells 
may be transfected by any method known in the art, such as the DEAE dextran protocol, Ca2P04 
precipitation, or electroporation, for example. The transfected cells, expressing the desired 
potassium channel, or induced to express the desired potassium channel may then be used in the 
method of the invention and the cells may be assayed for the transport of potassium. 

The invention will be described inWeater detail with reference to the examples which are 
provides to illustrate the invention. The examples are not to be construed to be limiting as to the 



scope of the invention, which iS^set forth in the appended claims. 

EXAMPLES 
1. Cloning of the human TREK-1 channel 

The TREK-1 channel was cloned by degenerate PGR technology using previously 
characterized murine sequence. Although such technology is extensively described in the literature 
and is familiar to those of ordinary skill in the art, briefly, degenerate oligonucleotide primers 
selected to amplify a region of murine TREK-1 were synthesized and placed in a polymerase chain 
reaction amplification using human DNA with appropriate buffer, nucleotides and DNA polymerase. 
The reaction is cycled through temperature stages for denaturation of DNA (generally about 94 °C), 
annealing of primers to DNA template (this temperature can be varied to optimize amplification and 
can be based on many factors, including primer length and GC content), and extension of DNA 
polymerization by DNA polymerase (generally at the optimum temperature for the activity of the 
DNA polymerase which is usually about 72 °G). The amplified DNA fragment may be isolated and 
cloned into a plasmid vector for subsequent sequence analysis, or the amplified DNA may be directly 
sequenced by known methods. 

Due to the degeneracy of the DNAVcode, it will be well understood to one of ordinary skill 
in the art that substitution of nucleotides may be made without changing the amino acid sequence 
of the protein. Therefore, the invention includes any nucleic acid sequence for the human TREK-1 
channel that encodes the amino acid sequence determined for murine TREK-1 (SEQ ID N0:2). 
Moreover, it is understood in the art that for a given protein's amino acid sequence, substitution of 
certain amino acids in the sequence can be maae without significant effect on the function of the 
protein. Such substitutions are known in the art as "conservative substitutions." The invention 



# 

encompasses human TREK-1 proteinB that contain conservative substitutions, wherein the function 
of the protein is not ahered. GeneralW, the identity of such an mutant TREK-1 will be at least 90% 
identical to SEQ ID NO : 2. Preferably ,\the mutant TREK-1 will be at least 95% identical to SEQ ID 
N0:2. More preferably, the mutant TREK-l will be at least 97% identical to SEQ ID N0:2. Most 
preferably, the mutant TREK-1 will be kt least 99% identical to SEQ ID N0:2. 

2. The sequencing of the murine TREK-1 channel 

The sequence for murine TREK-1, which is a corrected form of murine TREK-1 reported 
earlier, is shown in SEQ ID N0:i4. There is a longer open reading frame than originally reported, 
producing a protein with a deduceii amino acid sequence of 41 1 amino acids. Due to the degeneracy 
of the DNA code, it will be well understood to one of ordinary skill in the art that substitution of 
nucleotides may be made without changing the amino acid sequence of the protein. Therefore, the 
invention includes any nucleic acid sequence for the murine TREK- 1 channel that encodes the amino 
acid sequence determined for murine TtREK- 1 (SEQ ID N0:4). Moreover, as is the case with human 
TREK-1, it is understood in the art thai for a given protein's amino acid sequence, substitution of 
certain amino acids in the sequence cambe made without significant effect on the function of the 
protein. The invention encompasses \ murine TREK-1 proteins that contain conservative 
substitutions, wherein the function of the protein is not altered. Generally, the identity of such an 
mutant TREK- 1 will be at least 90% identicalto SEQ ID N0:4. Preferably, the mutant TREK- 1 will 
be at least 95% identical to SEQ ID N0:4. Morfe preferably, the mutant TREK- 1 will be at least 97% 
identical to SEQ ID N0:4. Most preferably, th^mutant TREK-1 will be at least 99% identical to 
SEQ ID N0:4. \ 

3. Functional expression of the human TREK-1 channel 

-10- 



The functional properties of the human TREK-1 channel were studied on the basis of 
transfected COS cells temporarily expressing the protein. Like the murine channel, the human 
channel is selective for potassium and is activated by c/5-unsaturated fatty acids, volatile anesthetics 
and by stretching of the plasma membrane. The selectivity of the TREK-1 currents for potassium 
is shown in Fig. 5 A. The currents are recordings in the whole-cell configuration of the patch-clamp 
technique (imposed potential gradient from -130 to +100 mV). The inverse potential of the currents 
follow the equilibrium potential of potassium when the extracellular concentration of potassium ions 
climbs from 5 to 155 mM. Fig. 5B shows that the application of arachidonic acid (10 ^M) induced 
activation of the TREK-1 currents. Fig. 5C shows that the application of volatile anesthetics 
(halothane in this case) at the concentrations employed in general anesthesia induced activation of 
the TREK- 1 channel. Fig. 5D shows that the TREK- 1 currents recorded in an excised patch (inside- 
out configuration) are mechanosensitive. When a pressure of -66 mmHg is applied on the 
membrane, the TREK-1 currents are activated in a reversible manner. 
4. Electrophysiological recording 

COS cell transfection, culture and electrophysiology are well known in the art and are 
described in the literature such as in the references cited. 

As performed herein, COS cells were seeded at a density of 20,000 cells per 35 mm dish 24 
hours prior to transfection. Cells were transfected by the DEAE dextran protocol (1 |ig DNA per 
plate). Mouse TREK- 1 (GenBank Accession No. U73488), human TASK (GenBank Accession No. 
AF006823) and mouse TRAAK (GenBank Accession No. AF056492) fragments were amplified by 
polymerase chain reaction (PCR) and subcloned into the pIRES-CD8 vector. Transfected cells were 
visualized 48 hours after transfection using the anti-CD8 antibody coated beads method. For whole 



cell and excised patch experiments, the internal solution was 150 mM KCl, 3 mM MgClj, 5niM 
EGTA and 10 mM HEPES at pH 7.2 with KOH and the external medium contained 150 mM NaCl, 
5 mM KCL, 3 mM MgCl2, 1 mM CaClj, 10 mM HEPES at pH 7.4 with NaOH. Cells were 
continuously superfused with a microperfiision system during the time course of the experiments (0. 1 
ml/min) performed at room temperature. A RK300 patch clamp amplifier (Biologic, Grenoble, 
France) was used for whole cell as well as single channel recordings. Ionic currents were monitored 
and recorded continuously using a DAT recorder (Biologic, Grenoble, France). Subsequently, data 
were replayed and sampled using pClamp software. Data analysis were performed using clampfit 
(pClamp) for whole cell recording as well as Biopatch (Biologic) software for single charmel 
recordings. Membrane capacitance was measured during a 1 0 V hyperpolarizing step from a holding 
potential of -80 mV. Student's t test was used for statistical analysis (P<0.001). 
5. Anesthetics delivery and concentration 

General anesthetics were directly dissolved in saline solutions. All experiments were 
performed at room temperature (24 °C). Solutions were prepared every 3 hours in gas-tight bottles 
as stock solutions (calculated concentrations of 5 10 mM). Serial dilutions were prepared just prior 
to the electrophysiological experiment. 2.5 ml of each experimental solution at the desired 
concentration was placed in a syringe connected to the experimental superfusion system. The 
electrophysiological measurements were performed within 45 minutes. 

The actual concentrations of anestnetics were subsequently determined by means of a gas 
chromatography method (HP 6890 equipped with a DB624 column) using FID detection. Sampled 
{2.5 ml of solution) were collected prior to (toVand after perfusion (t45) through the experimental 
setup. Solutions were collected using gas impermeable tubing and stored in sealed glass containers 
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at 4^C for subsequent analysis. Samplings and measurements were performed in duplicate. Actual 
concentrations of anesthetics were determined by multiplying the calculated concentration by the 
ratio t45/to (chloroform: O.M; halothane: 0.37; isoflurane: 0.76; and diethyl ether: 0.57). In the dose 
effect curves, the threshold concentrations were estimated as concentrations producing an increase 
higher than 10% in current amplitude. 
RESULTS 

The nucleic acid sequence corresponding to the open reading frame of the human TREK-1 
channel is shown in SEQ ID NO:l. The sequence of 1236 nucleotides encodes a protein of 411 
amino acids. The conservation between human and murine proteins is very high, exceeding 99% 
homology. 

TASK and TREK- 1 , two mammalian 2P domain K4- channels which have similar properties 
to are activated by volatile general anesthetics. Chloroform, diethyl ether, halothane and 
isoflurane activated TREK- 1 , while only halothane and isoflurane activated TASK. The C-terminal 
regions of both TREK-1 and TASK are critical for anesthetic activation. Thus, both TREK-1 and 
TASK are important target sites for these agents. 

In whole patch clamp experiments shown in Fig. IB, chloroform strongly and reversibly 
activated TREK-1 expressed in transfected COS cells, while it slightly depressed TASK and did not 
effect TRAAK. As shown in Fig. IC, chloroform induced a typical background current, 
characterized by an outward-going rectification which reverses at the predicted value for E^^ as 
demonstrated by the shift of the reversal potential to 0 mV in symmetrical K"^ conditions. No current 
activation was observed in mock-transfected cells (Fig. IB). Fig. ID shows that chloroform also 
reversibly and reproducibly hyperpolarized COS cells expressing TREK-1 (but not mock-transfected 
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cells, not shown; n = 5). TREK- 1 activation was dose dependent, with a threshold concentration for 
activation of 500 ^M, as shown in Fig. IE. The inset of Fig. IE shows that current activation, 
measured at a holding potential of 0 mV, started rapidly, but steady-state activation was barely 
reached after one minute in the presence of chloroform. 

Both TREK.and TASK, but not TRAAK, were opened by halothane. As shown in Fig. 2B 
and 2C, halothane-induced current displayed an outward-going rectification and revered at the 
predicted value for E^"^. The dose-effect curves (shown in Fig. 2D and Fig. 2E) demonstrated that 
the threshold concentrations for halothane on TREK-1 and TASK are 400 |iM and 200 |iM, 
respectively. The effects of halothane on TASK were rapid completely reversible. Opening of 
TASK was faster compared to the opening of TREK- 1 by chloroform (compare Fig. 2F with Fig. IE, 
inset). These results suggest that the components of the activation of both channels by anesthetics 
may be mediated by different molecular mechanisms. 

Isoflurane, like halothane, activated both TREK-1 and TASK channels without altering 
TRAAK, as shown in Fig. 3 A. Diethyl ether, like chloroform, opened TREK-1, but did not affect 
TRAAK. Diethyl ether also decreased TASK activity. 

To demonstrate that activation by volatile anesthetics does not occur via second messenger 
pathways, experiments were conducted on excised patches. Fig. 4 A shows that in an excised 



outside-out patch, halothane reversibly, and in a dose dependent manner, opened a 48 pS TREK-1 
channel. No channel activity was observed in the absence of the anesthetic, suggesting that 



halothane conv erts inactive channels into active channe ls. The I-V curve of the chloroform-sensitive 
current in an outside-out patch shows the characteristic outward-going rectification previously 
observed in the macroscopic^whole cell condit ions, as shown in Figs. 4B-4C and Fig. IB (inset). As 
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shown in Figs. 4D-4E, in the inside-out patch configuration, halothane reversibly opened a 12 pS 
TASK channel. In the absence of anesthetics, a single TASK channel was opened, as shown in the 
left panels of Figs. 4D-4E. The addition of halothane induced the opening of a second channel (see 
Figs. 4D-4E middle panel) which closed again after washing (see right panel of Figs. 4D and 4E). 
All the data, taken together, demonstrate that volatile general anesthetics open TASK and TREK-1 
channels and that these effects are likely to be direct and independent of second messengers. 
TREK-1 and TASK are probably critical channels fp^hg^action^of^^ 



anesthetics. /Opening of these K+ channels along with the known modulation of neurotransmitter 




receptors will probably explain general anesthetic actioH !j Effects of volatile anesthetics on ligand- 
gated ion channels such as GAB A^ receptors are probably particularly important at the post-synaptic 
level. Opening of background TREK-1 and TASK channels by volatile anesthetics might be very 
important both at the pre-synaptic (iK(An)) at the post-synaptic level. An activation of only a small 
fraction of these iK(An) channels will be expected to have significant effects on membrane polarization 
and consequently potentially important effects in both pre- and post-synaptic functions. TREK-1 
and TASK channels are expressed in neuronal cells but they are also expressed in other tissues, and 
particularly in the heart. It is, therefore, not surprising that volatile anesthetics have depressive side- 
effects on heart function. These effects include a slowing of the heart rate and negative inotropic 
effects and are fully compatible with an exaggerate opening of background K+ channels by volatile 
anesthetics. The same considerations might very well explain ventilatory depression. 
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